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Tramadol is protective for enterocytes

Tramadol protects enterocytes after cytokine storm

Abstract
Aim: Inflammatory Bowel Disease (IBD) is an autoimmune disease characterized by chronic inflammation in the 
digestive system. Tramadol is an opioid analgesic drug, and it is known to play a role in the inflammation pro-
cess in IBD disease. While the anti-inflammatory effect of tramadol is known, its role in protecting enterocytes 
against the cytokine storm is still being investigated. In our study, we aimed to analyze the effect of tramadol 
on enterocytes before and after cytokine storm in an in vitro inflammation model created with an intestinal 
epithelial cell line (IEC-6).
Material and Methods: The cytotoxicity of tramadol on the IEC-6 cells was determined by MTT analysis. An in vitro 
inflammation model was created by treating IEC-6 cells with 50 ng/ml TNF-α+100 ng/ml IFN-ɣ for 48 hours. The 
IEC-6 cells were divided into four groups as follows: group 1 (control: only culture medium), group 2 (inflamma-
tion model: TNF-α and IFN-ɣ combine treatment), group 3 (prophylactic: tramadol treatment before TNF-α and 
IFN-ɣ combination) and group 4 (treated: tramadol treatment after TNF-α and IFN-ɣ combination). The IL-8 and 
TNF-α levels in the culture medium were detected by ELISA. The immunoreactivity of caspase-1, caspase-3, IL-6, 
IL-8, MLKL, RIPK-1 and TNF-α by immunocytochemistry was evaluated.
Results: Increased RIPK-1 immunoreactivity in IEC-6 cells was indicative of necroptosis in the inflammation 
model. The pre-treatment of inflammation with tramadol reduced caspase-1 and RIPK-1 immunoreactivities. 
Additionally, a decrease in IL-8 and TNF-α levels was observed
Discussion: Tramadol, with its anti-inflammatory effect, may be protective for cytokine release and necroptosis 
in enterocytes.
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Introduction
Hemostasis of intestinal epithelial cells is maintained through 
programmed cell death (PCD), which involves substantial removal of 
damaged cells and the renewal of enterocytes [1]. The main forms of 
PCD are apoptosis, pyroptosis, and necroptosis, yet the mechanisms 
responsible for PCD in the inflammation process are not yet fully 
understood [1]. Loss of control of innate immune mechanisms due 
to excessive or defective activation of inflammatory pathways in 
the gut can lead to dysregulated immune responses that increase 
susceptibility to infection: Crohn’s disease (CD) and ulcerative colitis 
(UC) are the two main forms of inflammatory bowel diseases (IBD) [1,2]. 
While UC predominantly affects the colon, CD can affect any part of the 
gastrointestinal tract [2]. 
Tramadol is mainly utilized as an opioid analgesic for the effective 
management of moderate to moderately severe pain [3]. In cases of 
active IBD, the µ opioid receptor (MOR) is found to be overexpressed 
in the small intestine and colon [4]. This suggests that opioid signaling 
itself may play a role in the inflammatory process of IBD [4]. Studies 
on mice with chemically-induced colitis demonstrated that treatment 
with MOR agonists, such as morphine, had an anti-inflammatory 
effect and could alleviate colitis [4]. Wybran et al. published data on 
the influence of opioids on the immune system, revealing that various 
opioids can dampen the activation state of T cells [4]. However, the 
described immunomodulatory or immunosuppressive effects on the 
immune system are unintended and may lead to misinterpretations in 
experimental inflammation [2]. 
Studies have demonstrated that tramadol can inhibit peristalsis in the 
guinea pig small intestine at micromolar concentrations [5]. However, 
the clinically relevant plasma concentrations of tramadol are lower 
than those required to abolish peristalsis in the guinea pig small bowel 
[5]. This suggests that tramadol may serve as an alternative to classical 
opiate therapy [5]. Therefore, for patients with IBD, tramadol could be a 
preferred opioid option.
Cytokine storm is a severe immune reaction in which the body releases 
excessive amounts of cytokines into the blood too quickly [6]. Cytokines 
play an important role in normal immune responses but excessive 
cytokine release can be inflammatory cell death pathways such as 
pyroptosis and necroptosis may trigger [6].
We aim to determine the protective effect of tramadol treatment 
on enterocytes with an in vitro inflammation model that mimics 
the cytokine storm induced by TNF-α+IFN-ɣ [7,8]. Uncovering the 
correlation between tramadol and IBD may reveal data that tramadol is 
not only a pain killer, but a suitable drug for possible drug side effects 
and treatment protocols. Tramadol, which is mostly used as a pain 
killer, can be used for a different purpose.

Material and Methods
Ethical Approval: This study did not need ethical approval because of in 
vitro cell line research. 
Cell Culture
Intestinal epithelial cell line (IEC-6,CRL-1592,ATCC®) cultured in 10% 
α-MEM medium (MEMA-RXA,CAPRICORN), containing 90% fetal bovine 
serum (FBS-11B,CAPRICORN) and 1% penicillin/streptomycin (PS-
B,CAPRICORN) in a humidified 5% CO2 atmosphere at 37°C until they 
were 80% confluent. 
Determination of the Cytotoxic Dose of Tramadol on Enterocytes
The IEC-6 cells (2x103 cells/per well) were seeded into 96 well culture 
plates. The following day, tramadol (Contramal ampul, Abdi Ibrahim) 
was diluted (6 µg/ml, 9 µg/ml, 12 µg/ml and 15 µg/ml) in completed 
cell culture media and applied to the cells for 24 h and 48 h [9,10]. MTT 
(2,5-diphenyl-2H-tetrazolium bromide, GC4568, Glentham life sciences) 

was prepared in 5 mg/mL of phosphate buffered saline (PBS) before 
use and was filtered. After the incubation time, 1:10 dilution of MTT 
was added to each well for 4 h at 37˚C. The addition of 50 µl dimethyl 
sulfoxide (DMSO, GK2245, Glentham life sciences) measurements were 
performed with a microplate reader (ELX800UV,BİOTEK,USA), using 490-
540 nm as the reference wavelength.
Experimental Groups and Cell Stimulation
IEC-6 cells were seeded into 8-well plates at a concentration of 1x103 

cells/well and cultured for 48 h. TNF-α+IFN-ɣ combination was used 
for in the vitro inflammation model [7,8]. The cells were then divided 
into groups: Group 1 was the control group and cultured with only 
culture medium; Group 2 was in vitro inflammation model treated with 
50 ng/ml of TNF-α (315-01A-50UG,PeproTech) and 100 ng/ml of IFN-ɣ 
(315-05-100UG,PeproTech) for 48 h; Group 3 was prophylactic group and 
12 µg/ml tramadol was used before TNF-α+IFN-ɣ combine treatment 
for 24 h; Group 4 was the treatment group and the cells were treated 
with 12 µg/ml tramadol after TNF-α+IFN-ɣ combine treatment. 
Enzyme-linked Immunosorbent Assay (ELISA)
Culture media from all groups were centrifuged at 300xg for 5 min and 
40 µl of culture medium was added each well that was coated with 
TNF-α (201-12-0083,SunRedBio) or IL-8 (SRB-T-83151,SunRedBio). Every 
sample was replicated three times. Primarily 10 µl biotin-containing 
TNF-α or IL-8 antibodies and then 50 µl streptavidin-HRP were added 
to each well and incubated at 37˚C for 60 min. They were washed five 
times with buffer, chromogen solution A and B were then added and 
incubated in the dark at 37˚C for 10 min. Finally, the reaction was stopped 
with a stop solution and the absorbance values were measured at 450 
nm. The sample densities were calculated with the standard curve, 
equation and the corresponding density value of each kit.
Immunocytochemistry
Briefly, fixed cells were washed with PBS (PBS404.100, Bioshop). 
Permeabilization did with 0.1% Triton-X-100 (A4975,0100, Applichem) 
at 4˚C for 15 min. Endogenous peroxidase activity was quenched 
by incubation with 3% H2O2 (1.08597.2500, MERCK) for 5 min at room 
temperature. The cells were incubated with blocking solution (TA-125-
UB, THERMOFISHER) for 1 h then primary antibodies [caspase-1 (BT-
AP01191,BT-LAB), caspase-3 (BT-AP01199,BT-LAB), IL-6 (SC-1265,SantaCruz), 
IL-8 (BT-AP04514,BT-LAB), MLKL (BS-5513R,Bioss), RIPK-1 (BS-5805R,Bioss) 
and TNF-α (BT-AP09103, BT-LAB) were applied for overnight at 4°C. After 
incubation, the cells incubated with seconder antibodies [biotinylated 
goat anti rabbit/mouse IgG (TP-125-UB, THERMOFISHER) and peroxidase-
conjugated streptavidin (TS-125-UB, THERMOFISHER)] for 30 min each. 
Diaminobenzidine (DAB,TA-125-HD, THERMOFISHER) was applied to the 
cells for 5 min. The cells counterstained with Mayer’s hematoxylin 
(TA-125-MH, THERMOFISHER) for 1 min. Immunolabelling was evaluated 
semi-quantitatively by two independent observers according to its 
intensity, as negative (-), mild (+), moderate (++) and strong (+++).
Statistical analysis 
Analysis graphs were created using the Graphpad Prism (8.0.1.) 
program. Statistical significance was determined by assessment of 
differences using one-way analysis of variance (ANOVA) test. All data 
expressed as mean ± SD with values of p<0.05 were deemed significant.

Results
Cytotoxicity
Based on the MTT results, cell viability remained consistent between the 
24 and 48-hour cultures in the control group treated with the standard 
culture medium. However, when 6 µg/ml and 12 µg/ml of tramadol 
were administered, there was an observable increase in viability after 
48 hours compared to 24 hours. Conversely, with doses of 9 µg/ml and 
15 µg/ml, cell viability decreased in the 48-hour culture compared to 
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the 24-hour culture. In our study, we selected the 12 µg/ml dosage and 
24-hour application, as it doubled cell viability compared to the control 
application (Figure 1A). 
Cell Culture
IEC-6 cells were epithelioid structure and adhesive properties during 
culture. After the combined treatment of TNF-α+IFN-ɣ, cytoplasmic 
accumulations were present in group 2, while the epithelioid feature 
was preserved in the cells. Both the morphology of IEC-6 cells in groups 
3 and 4 resembled the IEC-6 cells in the control group (Figure 2).
Levels of IL-8 and TNF-α in IEC-6 Culture Medium
The ELISA assay successfully detected and quantified IL-8 and TNF-α in 
the culture medium. The mean OD value of IL-8 for group 1 was 755±0.02, 
while the mean OD value for groups 2, 3 and 4 were 817.22±0.03, 
850.55±0.02 and 760.55±0.03, respectively. The level of IL-8 was similar 
to group 1, increased level of IL-8 was detected in groups 2 (p=0.3467), 

3 (p=0.0266) and 4 (p>0.9999) (Figure 1B). The mean OD value of TNF-α 
for group 1 was 112.23±0.01, while the mean OD value for groups 2, 3 and 
4 were 160.57±0.07, 154.38±0.06 and 81.76±0.006, respectively. Elevated 
level of TNF-α was measured in groups 2 (p=0.3467), and 3 (p>0.9999), 
and the level of TNF-α in group 4 (p>0.9999) was less than all other 
groups (Figure 1C).
Immunocytochemistry
Caspase-1 immunoreactivity were observed to be strong (+++) in groups 
1, 2 and 4. However, it was moderate (++) and decreased in group 3. The 
decrease in group 3 compared to group 1 was statistically significant 
(p=0.04363) (Figure 1D and 2). In addition, caspase-3 was generally weak 
(+) and similar in all groups (Figure 1E and 2). 
IL-6 was negative (-) in both groups 1 and 2. In groups 3 and 4, IL-6 was 
weak (+) and increased compared to groups 1 and 2, and there was a 
statistically significant increase (p=0.0436) (Figure 1F and 2). IL-8 was 
similar and weak (+) in all groups (Figure 1G and 2), and these results 
were correlated with ELISA assay (Figure 1B). 
MLKL was detected in all groups, however, less immunolabelling was 
observed in group 1 (Figure 1H and 2). RIPK-1 was observed to be similar 
and weak (+) in group 3 compared to the group 1. Additionally, both 
the group 2 and 4 showed mild/strong (++/+++) immunoreactivity. 
The increase in group 2 (p=0.0194) and group 4 (p=0.0060) compared 
to group 1 was statistically significant. Besides, a statistically 
significant difference was observed between the groups (groups 
3 and 4) administered tramadol (p=0.0194) (Figure 1I and 2). TNF-α 
immunoreactivity did not differ in all groups (Figure 1J and 2) and 
intensities were moderate (++).

Discussion
IBD is an autoimmune bowel disease characterized by chronic 
inflammation [4,11]. Opioids are recommended in the analgesic 
treatment protocols of patients exposed to IBD [11]. In a cohort study of 
IBD patients, lower rates of infection, intestinal obstruction or ileus, and 
mortality were reported with the use of tramadol [11]. Application of 
TNF-α+IFN-ɣ proinflammatory cytokines to the IEC-6 cell line triggers 
inflammation [7,8]. In our study, the in vitro inflammation model IEC-6 
cells created with TNF-α+IFN-ɣ maintained their epithelioid properties 
but had cytoplasmic deposits.
Cytokine storm is regulated by numerous cytokines and inflammatory 
mediators [6]. It occurs when the imbalance between pro-inflammatory 
and anti-inflammatory factors becomes apparent [6]. Proinflammatory 
cytokines synthesis, such as IL-6 and TNF-α alters epithelial homeostasis 
after infection [12]. The potency state for inhibition of cytokine release is 
considerably higher in tramadol than in other opioids [12]. In our study, 
the prophylactic and therapeutic effects of tramadol were evaluated in 
the inflammation model created in enterocytes by cytokines.
Cytokine storms can also trigger inflammatory cell death pathways like 
necroptosis. Caspase-1 is an enzyme that plays a crucial role in various 
cellular processes, including apoptosis and inflammation and its 
excessive secretion triggers inflammation and inflammation-mediated 
diseases [13,14]. Our results suggested that the administration of 
tramadol after inflammation may have reduced cell death in in vitro 
condition by controlling the release of caspase-1 in enterocytes. The 
decrease in group 3 suggested a protective effect of tramadol on 
the intestines supporting  our hypothesis concerning the impact of 
tramadol in our study.
A multifaceted role of IL-6 has been reported in IBD [15]. IL-6’s function 
can shift based on the composition of the gut microbiota. When 
microbiome balance is disrupted, IL-6 increases. Conversely, in the 
presence of a healthy intestinal flora IL-6 appears to aid in maintaining 
intestinal equilibrium and mitigating pathological inflammation [15].

Figure 2. Cell culture of group 1 (A), group 2 (B), group 3 (C) group 4 
(D) IEC-6 cells and caspase-1, caspase-3, IL-6, IL-8, MLKL, RIPK-1, TNF-α 
immunocytochemical staining images. Scale Bars: 100 µm (cell culture) 
and 10 µm (immunocytochemistry).

Figure 1. (A) Percent viability changes of IEC-6 cells after 24 h and 48 h 
of tramadol treatment. ELISA results of IL-8 (B) and TNF-α (C) levels in 
culture mediums of all groups. Caspase-1 (D), caspase-3 (E), IL-6 (F), IL-8 
(G), MLKL (H), RIPK-1 (I) and TNF-α (J) immunoreactivity measurements 
and statistical analysis in all experimental groups. The results were 
presented as mean ± SD and the significance of the difference was 
indicated with asterisk (*) as p-value smaller than 0.05 (p<0.05). Two 
asterisks (**) indicate p- value smaller than 0.01 (p<0.01).
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In summary, IL-6 can serve as both an initiator of inflammation and 
a promoter of intestinal harmony and stability. Consequently, when 
pro-inflammatory factors like TNF-α+IF-ɣ are applied, IL-6 levels 
may decrease due to disruptions in the IEC-6 cell lines. However, the 
administration of tramadol to restore homeostasis in these cell lines 
can lead to a rise in IL-6 levels. Therefore, according to our study, IL-6 
immunoreactivity remained consistent and similar between group 1 and 
2, with changes occurring after tramadol administration, suggesting 
that IEC-6 cells responded to tramadol. 
Additionally, it is worth noting that IL-8 is a pro-inflammatory cytokine 
[16]. Since the pro-inflammatory function of IL-8 is neutrophil and 
macrophage dependent, it is likely that the IL-8 levels remained 
unchanged in our in vitro study.
In addition, the level of TNF-α is also a key regulator of inflammation  
control [17,18]. In our study, TNF-α level was evaluated both 
immunocytochemically and by ELISA. While TNF-α immunoreactivities 
in IEC-6 cells were similar in all groups, group 2 had a higher TNF-α 
level compared to group 1. However, the level of TNF-α in the culture 
medium was decreased after tramadol treatment in group 4 compared 
to group 2, which was statistically significant, suggesting a protective 
effect on IEC-6 cells post-cytokine storm. Throughout this process, 
the analysis of the culture medium proved to be more insightful than 
cell immunoreactivity since TNF-α is a cytokine released in the early 
stages of inflammation. Therefore, tramadol may control the secretion 
of TNF-α from enterocytes to trigger the inflammatory process 
in microenvironment of enterocytes. In our study, IL-8 and TNF-α 
immunoreactivities in IEC-6 cells were similar in all groups, however, 
the level of IL-8 and TNF-α in culture medium was decreased after 
tramadol treatment. Therefore, tramadol may control the secretion of 
IL-8 and TNF-α from enterocytes, triggering the inflammatory process 
in microenvironment of enterocytes. 
During necroptosis, phosphorylation of MLKL occurs downstream of 
activation of  RIPK-1 and RIPK-3 [12]. It has been demonstrated that 
the deterioration and subsequent cell death in IEC-6 cells resulting 
from the application of TNFα+IFN-ɣ are not attributable to RIPK-1/3 
or caspases [19]. In our inflammation model, even though we observed 
a non-significant decrease in caspase-3 levels within the prophylactic 
group, the protective effect of tramadol application has been 
supported. In addition, the decrease in the distribution of RIPK-1 that 
induces apoptosis and necroptosis in group 3 (p<0.01), indicates that 
cell death can be controlled through induction of necroptosis.
After inflammatory model that occurred with TNF-α+IFN-ɣ 
administration, mimicked the inflammatory microenvironment in 
enterocytes.  It induced necroptosis rather than apoptosis with an 
increase in MLKL and RIPK-1. Application of tramadol decreased the 
RIPK-1 and caspase 1 in group 3. Therefore, the anti-inflammatory effects 
of tramadol can be protective for enterocytes after inflammation in 
intestinal diseases like IBD. The in vivo effect of tramadol should be 
investigated in IBD animal model to evaluate its role.
Conclusions
In conclusion, our findings provide valuable insights into the potential 
therapeutic benefits of tramadol in mitigating inflammation and cell 
death in enterocytes. The absence of other immune system cells in 
the in vitro environment may have influenced the cellular response 
compared to the in vivo setting. Therefore, the initial results obtained 
in our study involving tramadol-triggered intestinal epithelial cells are 
significant preliminary data for in vivo studies.
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